We formulate a generic N = 2 three-dimensional superfield higher-derivative gauge theory coupled to the matter, which, in certain cases reduces to the N = 2 three-dimensional scalar super-QED, or supersymmetric Maxwell-Chern-Simons or Chern-Simons theories with matter. For this theory, we explicitly calculate the one-loop effective potential.
I. INTRODUCTION
The idea of extending field theory models through the introduction of additive higherderivative terms is very old. Initially, higher derivative models have been introduced in the gravity context, aiming to construct a renormalizable gravity theory [1] . This gave rise to a great amount of studies on the quantum properties of different gravity models (for a review on these studies, see [2] ).
It is clear that the introduction of higher derivatives in a theory highly improves its renormalization properties possibly making it finite. Therefore it was natural that within the supersymmetry context, higher derivatives were first considered in a (super)gravity model [3] .
For the N = 1 supergravity, the quantum dynamics for its higher-derivative extension has been studied [4] , and only recently, one-loop studies for more generic examples of higherderivative four-dimensional supersymmetric theories have been carried out [5] . In the threedimensional case, the effective action for higher-derivative supersymmetric field theories have been studied in [6] at the one-loop level, and some two-loop aspects of the higher-derivative 3D super-QED were considered in [7] .
In this work, we extend our studies to a new class of theories -we present the higherderivative extension of the three-dimensional theories with extended supersymmetry. It is known that the N = 2 superfield formulation in three-dimensional space-time is very similar to the N = 1 superfield formalism for the four-dimensional space-time [8] . Recently, studies of the N = 2 supersymmetric theories within this formulation have been carried out in [9] .
Within this paper, we study the one-loop effective action for the higher-derivative theories described in this formalism.
Throughout this paper, we are using the conventions of [8] , constructed on the base of those ones used in [10] . They are explained in the Appendix.
The structure of the paper is as follows. In the section II we present the classical formulation of the higher-derivative N = 2, d = 3 supersymmetric gauge theory, in the section III we carry out the one-loop calculations, and the section IV is a Summary where the results are discussed. In the Appendix, the main relations for the N = 2, d = 3 supersymmetry algebra are given.
II. HIGHER-DERIVATIVE
In the pure gauge sector, let us start with the most general N = 2, d = 3 abelian gauge action which will be used to find the one-loop Kählerian effective potential (KEP) 
where l = 1, 2, 3, . . ..
We can add to (1) the following gauge-fixing term:
Of course, we could have used a gauge-fixing term more sophisticated involving higher derivatives like in [6] , however, we will use (5) for convenience. Besides, we know that
is an Abelian symmetry, and therefore the ghosts completely decouple. Now, let us consider the matter sector. We will make two assumptions in order to simplify the model involving the matter superfields. First, we will demand that the matter action does not contain terms with higher derivatives. Second, we will not consider self-couplings involving only Φ orΦ superfields. Having made these assumptions, the most generic matter action is given by
where K(Φ, Φ) is the tree-level KEP.
In order to couple (6) to the gauge superfield, the function K(Φ, Φ) must firstly be invariant under the global transformation δΦ = iλΦ, and δΦ = −iλΦ. It follows that
In particular this constraint is satisfied if K(Φ, Φ) is a function ofΦΦ. Now, we can introduce the gauge superfield V in (6) to obtain
which is invariant under local transformations δΦ = iΛ(z)Φ, δΦ = −iΛ(z)Φ, and δV =
Finally, the generic higher-derivative N = 2, d = 3 gauge theory that we will study in this work follows from (1), (5), and (8):
The standard method of calculating the effective action is based on the methodology of the loop expansion [2] . To do this, we make a shift Φ → Φ + φ in the superfield Φ (together with the analogous shift for theΦ), where now Φ is a background (super)field and φ is a quantum one. We assume that the gauge field V is quantum. In order to calculate the effective action at the one-loop level, we have to keep only the quadratic terms in the quantum fluctuations φ,φ, and V . By using this prescription, we get from (9)
where the derivatives of the background superfields were omitted due to our interest only in the KEP [11] . By differentiating the constraint (7) we obtain new identities which can be used to simplify (10), then we get
where we used the projection operators
which together with the operatorD α D α satisfy the properties
These properties can be used to deduce the identities (2-4). Moreover, we can use them to extract the propagators from S q . Thus, in momentum space, we obtain
where
These propagators will be used for the one-loop calculations.
III. ONE-LOOP CALCULATIONS
Let us start the calculations of the one-loop supergraphs contributing to the KEP. At the one-loop order, we will have two types of contributions. In the first, all diagrams involve We can compute all the contributions by noting that each supergraph above is formed by n "subgraphs" like these ones given by Fig. 2 .
A typical vertex in one-loop supergraphs in gauge sector.
The contribution of this fragment is
It follows from the result above that the contribution of a supergraph formed by n fragments is given by
where 2n is a symmetry factor. Such a contribution takes into account the Taylor series expansion coefficients of the effective action, the usual symmetry factor of each supergraph, and the number of topologically distinct supergraphs [12] . The external momenta must be taken to be zero in the calculation of the effective potential.
We can integrate by parts the expression I n and discard terms involving covariant derivatives ofΦ and Φ to get
The effective action is given by the sum of all supergraphs I n
where we used (14), (15), and the fact that Π 0 δ θθ | θ=θ = −2/p 2 . Summing over all n we get
The first logarithm term can be splitted in two parts, then
Finally, we expand in Taylor series the first two logarithms and use (2-4), (14-15), and
Let us proceed the calculation of the second type of one-loop supergraphs, which involve the gauge and matter superfield propagators in the internal lines connecting the vertices (2g)KΦ Φ ΦφV and (2g)KΦ ΦΦ V φ. Such supergraphs exhibit the structure shown in Fig. 3 .
It is worth to point out that we can insert an arbitrary number of vertices (2g) 2 KΦ ΦΦ ΦV 2 into the gauge propagators. Therefore, we should firstly introduce a "dressed" propagator. In this propagator, the summation over all vertices (2g) 2 KΦ Φ V 2 is performed (see Fig. 4 ).
As a result, this dressed propagator is equal to
By using (16) and integrating by parts, we arrive at
As before, we can compute all the contributions by noting that each supergraph above (Fig.   3 ) is formed by n subgraphs, like those depicted in Fig. 5 and Fig. 6 . Since both subgraphs,
Figs. 5 and 6, provide the same contribution, we just need to calculate the one in the Fig.   5 . This subgraph yields the contribution (
By summing up, we arrive at
A typical link in one-loop supergraphs in mixed sector.
Another typical link in one-loop supergraphs in mixed sector.
It follows from the result above that the contribution of a supergraph formed by n subgraphs is given by
We notice that the one-loop corrections for the KEPs, namely (35,37), are finite and do not need any renormalization. Moreover, these results are universal, valid for any form of the potential K(Φe 2gV Φ). We also notice that the functional structure of (35) and (37) does not involve any logarithm-like dependence, which is usually found in four-dimensional theories.
We observe that, up to constants, K
HQED (Φ, Φ) given in (37) is the same as in the N = 1 case derived in [6] . Additionally, in [6] it was shown that the one-loop KEP vanishes for the N = 1, d = 3 QED coupled to non-self-interacting matter; we see from (37) that it is not the case for N = 2, d = 3 QED coupled to non-self-interacting matter.
IV. SUMMARY
We have calculated the one-loop effective potential for the N = 2 supersymmetric threedimensional higher-derivative theories. Our calculation was based on a formalism allowing to maintain the N = 2 supersymmetry at all steps of the calculations. Discussing the properties of the result, we should emphasize, first, its finiteness which is a natural consequence of the presence of higher derivatives, second, the similarity of its form to the results obtained earlier for the four-dimensional N = 1 supersymmetric theories [5] . Also, contrarily to the case of the N = 1, d = 3, supersymmetric QED [6] , in our theory the one-loop kählerian effective potential does not vanish. However, the one-loop N = 1 and N = 2 kählerian effective potentials for the supersymmetric Chern-Simons theories in d = 3 display similar structures.
APPENDIX
Let us briefly describe the N = 2 supersymmetry algebra used in this paper. Here we work within the three-dimensional Minkowski space, so, we choose the gamma matrices as
, which satisfy the Clifford algebra {γ µ , γ ν } = −2η µν , with η µν = diag(−1, 1, 1). We raise and lower spinor indices with the matrix C αβ = σ 2 , so that C 12 = −C 12 = i, and
From these equations, we get
Therefore, we can use the gamma matrices to map the components of 3-vectors into 2 × 2 symmetric (hermitian) matrices by means of the definitions For fields :
For derivatives :
For coordinates :
The N = 2, d = 3 supersymmetry algebra is
where P αβ = i∂ αβ . However, it is convenient to go over to a complex representation by defining
which can be used to express the algebra as,
Notice that these conventions and definitions are the exact analogues of those ones used in [10] . In fact, the N = 2, d = 3 superspace can be parametrized by the coordinates z M = (x αβ , θ α ,θ α ), with (θ α ) * =θ α , and the explicit forms of the generators and covariant derivatives are given by
We note that despite the derivatives D α andD β are independent, there is no chirality in this case since both types of the derivatives (and of the spinors) are transformed under the same (unique) spinor representation of the Lorentz group.
The (anti)commutation relations for the D α andD α are rather similar to those ones for the four-dimensional supersymmetry [10] . Indeed, one has
These (anti)commutation relations can be used to prove the identities (2-4) and (14-15).
Moreover, it is clear that the use of the derivatives satisfying these rules is no more difficult as the use of the standard supercovariant derivatives either in three-or in four-dimensional case.
Finally, all quantum calculations were carried out using a Wick-rotated metric η µν = diag(+1, 1, 1).
